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TITLE OF THE INVENTION 

Method of manufacturing semiconductor device having MIM capacitor element 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to semiconductor device manufacture, and 
especially to a method of manufacturing a MIM (Metal Insulator Metal) capacitor 
element. 

Description of the Background Art 

10 Conventionally, a semiconductor device employs a capacitor element whose 

upper and lower electrodes are formed of polysilicon. In the process of manufacturing a 
semiconductor device having such a capacitor element, the upper electrode of the 
capacitor element is formed of the same layer of polysilicon as the gate electrode of a 
transistor. However in recent years, in the formation of the gate electrode of the 

15 transistor, ions are often implanted into polysilicon which forms the gate electrode. 
Thus, the upper electrode of the capacitor element is also formed of ion-implanted 
polysilicon. As a result, depletion occurs in the polysilicon of the upper electrode, 
which varies the capacitance value of the capacitor element depending on the applied 
voltage and the temperature. This causes the problem of a malfunction of the 

20 semiconductor device. 

To solve such a problem, in recent years, a capacitor element having a MIM 
(Metal Insulator Metal) structure using metal as an electrode has been employed (see, for 
example, Japanese Patent Application Laid-open No. 1-198061 (1989) (p. 2, Fig. 1)). 
However, since a conventional MIM capacitor element has its upper and lower electrodes 

25 at different levels, it is difficult to form a contact hole on each of the upper and lower 
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electrodes after formation of the MIM capacitor element. 

There is also a technique for incorporating a MIM capacitor element into a 
single layer of insulating film (see, for example, Japanese Patent Application Laid-open 
No. 2002-100680 (pp. 4-5, Figs. 3-5)). According to the MIM capacitor element in this 
5 publication, the upper and lower electrodes are at the same level. 

In the process of forming a MIM capacitor element according to Japanese 
Patent Application Laid-open No. 2002-100680, however, the lower electrode needs to be 
formed into a complicated shape, and also relatively high accuracy is required for the 
depth of a trench for forming the lower electrode and the thickness of a dielectric layer to 
10 be deposited. This can complicate the manufacturing process. 

For semiconductor devices having a MIM capacitor element, forming through 
simple processes the MIM capacitor element and contacts to the upper and lower 
electrodes of the MIM capacitor element is an important issue for simplification of the 
semiconductor device manufacturing process. 

15 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semiconductor device that is 
capable of forming, through simple processes, a MIM capacitor element and contacts to 
the upper and lower electrodes of the MIM capacitor element. 

20 According to the present invention, the method of manufacturing a 

semiconductor device includes the following steps (a) through (d). The step (a) is to 
sequentially deposit and pattern a predetermined first metal film and an antireflection film 
including a dielectric layer on a semiconductor substrate to form a lower electrode having 
the antireflection film on its upper surface. The step (b) is to form an interlayer 

25 insulation film on the lower electrode and forming first and second openings respectively 
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in a capacitor element forming region of and a contact forming region of the interlayer 
insulation film on the lower electrode. The step (c) is to remove the antireflection film 
in the second opening. The step (d) is to deposit a predetermined second metal film on 
the interlayer insulation film having the first and second openings and remove the second 
5 metal film other than the second metal film in the first and second openings, to form an 
upper electrode of the capacitor element in the first opening and a contact in the second 
opening. 

This achieves the effect of forming, through simple processes, the MIM 
capacitor element and contacts to the upper and lower electrodes of the MIM capacitor 
10 element. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the structure of a semiconductor device according 
to a preferred embodiment; 

Figs. 2 through 4 are diagrams showing the manufacturing process of the 
semiconductor device according to the preferred embodiment. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a diagram showing the structure of a semiconductor device according 
to a preferred embodiment of the present invention. On a first interlayer insulation film 
1 formed on a semiconductor substrate, a barrier metal 2 and a first aluminum 
25 interconnect line 3 are formed. The first aluminum interconnect line 3 serves as the 
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lower electrode of a MIM capacitor element. An antireflection film 4 on the first 
aluminum interconnect line 3 is provided for the purpose of preventing dimension 
variations and halation in the exposure process in the patterning of the first aluminum 
interconnect line 3. Generally, for an interconnect line of aluminum, a multi-layer 
5 antireflection film is used for patterning. In the present preferred embodiment, the 
antireflection film 4 is composed of a titanium nitride (TiN) layer 41 of conductor and a 
silicon oxynitride film (SiON) layer 42 of dielectric. 

In a second interlayer insulation film 5, a contact plug 82 which is electrically 
connected to the first aluminum interconnect line 3 is formed, and an upper electrode 8 1 

10 is formed through the antireflection film 4 on the first aluminum interconnect line 3. 
That is, the SiON layer 42 of the antireflection film 4 serves as a dielectric layer of the 
MIM capacitor element. 

On the second interlayer insulation film 5, a second aluminum interconnect line 
10 having a barrier metal 9 is formed. The second aluminum interconnect line 10 is 

15 individually connected to the upper electrode 81 and the contact plug 82 (that is, as 
shown in Fig. 1, the second aluminum interconnect line 10 includes a portion connected 
to the upper electrode 81 and a portion connected to the contact plug 82). 

Hereinbelow, a method of manufacturing a semiconductor device according to 
the present preferred embodiment is described. First, after deposition of the barrier 

20 metal 2 on the first interlayer insulation film 1, an aluminum film for forming the first 
aluminum interconnect line 3 is deposited. After the antireflection film 4 composed of 
the TiN layer 41 and the SiON layer 42 as a dielectric layer is deposited on the aluminum 
film, the antireflection film 4, the aluminum film and the barrier metal 2 are patterned 
using photolithographic techniques, to form the first aluminum interconnect line 3 having 

25 the antireflection film 4 on its upper surface. In the exposure process at this time, the 
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antireflection film 4 serves to prevent dimension variations of the first aluminum 
interconnect line 3 and halation. At this time, the antireflection film 4 on the first 
aluminum interconnect line 3 formed by the patterning is not removed. 

Then, the second interlayer insulation film 5 is formed on the antireflection film 
5 4. As shown in Fig. 2, openings 51 and 52 are formed respectively in a region of the 
second interlayer insulation film 5 where the MIM capacitor element is formed (or the 
upper electrode 81 is formed) and in a region of the second interlayer insulation film 5 
where the contact plug 82 is formed. At this time, the antireflection film 4 (SiON layer 
42) exposed in the openings 5 1 and 52 is not removed. 

10 Then, as shown in Fig. 3, a photoresist 6 having an opening above the opening 

52 (above the region where the contact plug 82 is formed) is formed on the second 
interlayer insulation film 5. Using the photoresist 6 as a mask, the antireflection film 4 
is removed. That is, the antireflection film 4 in the opening 52 is removed while leaving 
the antireflection film 4 in the opening 51. 

15 After removal of the photoresist 6, as shown in Fig. 4, a barrier metal 7 is 

deposited on the second interlayer insulation film 5 and a tungsten film 8 for forming the 
upper electrode 81 and the contact plug 82 is deposited. Then, the tungsten film 8 other 
than that in the openings 51 and 52 is removed to form the upper electrode 81 in the 
opening 51 and the contact plug 82 in the opening 52. Then, the barrier metal 9 and an 

20 aluminum film are deposited and patterned to form the second aluminum interconnect 
line 10 which is individually connected to the upper electrode 81 and the contact plug 82. 
This results in the formation of the semiconductor device structure shown in Fig. 1 . 

As is evident from the above description, the contact plug 82 which is 
electrically connected to the first aluminum interconnect line 3 as the lower electrode is 

25 formed by the same process as and in parallel with the upper electrode 81. Also as 



shown in Fig. 1, since the upper surfaces of the upper electrode 81 and the contact plug 
82 are at the same level, an electrical contact can be easily provided between the second 
aluminum interconnect line 10 and each of the upper electrode 81 and the lower electrode 
(first aluminum interconnect line 3). That is, the problem of difficulty in forming a 
contact due to a difference in the levels of the upper and lower electrodes as in a 
conventional MIM capacitor element can be prevented. Further, since the antireflection 
film 4 used for forming the first aluminum interconnect line 3 is utilized as the dielectric 
layer of the MIM capacitor element, the manufacturing process can be simplified. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



